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Abstract
   The Controlled Freeze ZoneTM technology removes CO2 and H2S from natural gas in a single 
step cryogenic distillation process.  Removal and management of acid gas impurities from 
natural gas pose significant challenges in developing sour gas fields.  In many cases CFZTM is 
capable of processing sour gases with a wide range of CO2 and H2S compositions at a lower cost 
than conventional technologies.  The acidic components are removed as a high pressure liquid 
that can be injected into reservoirs for geosequestration or, when of suitable composition, to 
improve oil recovery.  In either case, sulfur production from H2S and release of CO2 to the 
atmosphere can be eliminated. 
   CFZTM technology was successfully demonstrated through earlier pilot plant operations.  
Currently, ExxonMobil Upstream Research Company is advancing CFZTM to large scale 
commercial readiness through a commercial demonstration plant in Wyoming, USA.  By 
building the commercial demonstration plant at ExxonMobil’s world-class Shute Creek gas 
treating and acid gas injection facility, integration of CFZTM with acid gas injection, will also be 
demonstrated when the unit is operated in 2010-2011. 
© 2010 Elsevier Ltd. All rights reserved (please add appropriate language to indicate rights reserved by 
ExxonMobil Upstream Research Company per earlier correspondence) 
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1. Introduction – Sour Gas Challenges 
Global natural gas reserves and new resource opportunities are increasingly reported to contain significant quantities 
of CO2 and/or H2S (sour gas). Concentrations of 20 to 40% are not uncommon, with some concentrations as high as 
70 percent, and the ratio of CO2 to H2S varies tremendously across the geographic regions. From an industry 
perspective, one-fifth to one-third of all natural gas resources in the world would likely be classified as sour natural 
gas.  Commercialization of such resources poses significant economic, environmental and technical challenges.  
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Roughly one-sixth of ExxonMobil’s overall hydrocarbon resources today, on an oil-equivalent barrel basis, is 
categorized as sour natural gas, that is, containing CO2 and H2S (as illustrated in Figure 1). 
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Figure 1.  ExxonMobil Total Resource Base 
With these volumes, ExxonMobil has the industry’s largest sour natural gas resource base and has extensive (over 
fifty years') experience in managing sour gas. 
Processing of sour natural gas is not only dependent upon the specific characteristics, like overall compositions of 
and ratio of acid gas components, but also the ultimate monetization of the hydrocarbon molecules.  With smaller 
amounts of saleable methane/ hydrocarbons and with having to remove and dispose of major quantities of acid gas 
contaminants requires treating technologies with reduced capital and operating costs and greater efficiencies for the 
utilization of the hydrocarbons.  Adding to this challenge is the proper management of the by-product acid gas (CO2
and H2S) components.  Geosequestration is the preferred environmental alternative and may be needed even when 
production of elemental sulfur is economic so that CO2 is not released to the environment.  In some cases, the 
utilization of CO2 in enhanced oil recovery or the sales of CO2 can add to the economic viability of producing sour 
natural gas reserves.. 
2. Controlled Freeze Zone™ description 
CFZTM provides an integrated solution that efficiently treats sour natural gas, especially when the concentration of 
CO2 and H2S have reached levels where the contaminants are the major constituents of the wellstream. 
The CFZ™ technology, as illustrated in Figure 2, is a low temperature process for the single step separation of CO2
and H2S from natural gas involving the controlled freezing and re-melting of CO2 in a specially designed chamber.  
High purity methane product (and by-products, acid gas stream with low methane content) is achieved by combining 
this novel three-phase separation step with traditional distillation techniques. 
Figure 2.  Simplified Process – CFZTM from Wellhead to Market 
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Unlike conventional separation methods, the CFZ™ concept involves the controlled freezing and remelting of CO2
in a specially-designed section of a distillation tower.  The tower uses conventional distillation techniques above and 
below the specially-designed section to achieve the desired purities of the product methane and by-product acid gas 
streams.  Competing separation technologies avoid the solidification of CO2 at low temperatures involved in low 
temperature gas processing.  The most widely deployed technologies today use solvents to separate acid gas and 
thus avoid the solidification of CO2.  However, as the acid gas composition in the feed increases, the need for larger 
volumes of solvent increases and so does the related expense associated with its regeneration.  Since the one-step 
CFZTM process exploits the solidification of CO2, this separation process requires no additional solvents or additives 
to work.  Further, sour gas components are rejected as a high pressure liquid that can be more easily pumped to 
reservoir pressures for disposal.  Therefore, the CFZ™ process integrates well with acid gas injection (AGI).  
Combined, the CFZ™ technology plus AGI enables lower cost CO2 capture and storage, offers the possibility of 
using the CO2 for enhanced oil recovery, and eliminates the need to produce sulfur from associated H2S which is 
often economically unattractive.  
To separate methane to high purity from acid gas (CO2, H2S) compounds, a Controlled Freeze Zone™ tower is 
essentially divided into 3 zones: the specially designed CFZ™ section that addresses the solidification region in the 
phase equilibrium (pressure-temperature-composition) envelope, and two conventional, rectifying and stripping 
sections that address the vapor-liquid areas above and below the CO2 solidification region. The relationship between 
the three sections of the CFZTM column and the methane- CO2 phase envelope is illustrated in Figure 3.  In the lower 
portion of the tower, below the CFZ™ section, methane is stripped or recovered from the bottoms liquid stream, 
which contains CO2 and other acid gas contaminants, via conventional distillation. Above the CFZ™ chamber, the 
CO2 content is reduced, if necessary, to meet pipeline or LNG feed quality, again via conventional distillation in a 
rectifying section.   
Figure 3.  The Controlled Freeze Zone™ Process 
Liquid from the upper conventional distillation section, that is about to enter solidification conditions, is sprayed 
into the CFZ™ chamber, which has significant open area and is unobstructed. As the liquid droplets fall, they 
encounter warmer temperatures. Methane and any lighter components such as nitrogen, if present, vaporize. The 
residual concentration of CO2 in the droplets increases, leading to solidification. The solids that form fall onto a 
liquid layer at the bottom of this chamber that is maintained above solidification temperatures. A liquid, beyond 
solidification conditions, emerges from the bottom of the CFZ™ chamber and is directed to the stripper section to 
recover valuable methane. Similarly, vapors from the bottom conventional distillation (stripper) section, rise through 
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the CFZ™ chamber and encounter colder temperatures. CO2 condenses or frosts onto the falling spray droplets or 
solid crystals, further contributing to the solidification process. The solids formed in the CFZ™ section are pure 
CO2, thus providing increased separation efficiency in this section. Their removal from the vapor stream results in a 
product exiting the top of the CFZ™ chamber that is significantly depleted in CO2, and depending upon the required 
sales gas specification may not require further purification eliminating the need for further low temperature 
distillation.   
All this means that for gases not containing significant volumes of ethane & propane, the CFZ™ technology 
provides the ability to more economically process these gases even at very high levels of CO2 and/or H2S
contamination.  The CO2, and any other acid gas components present, is separated into a liquid stream that can be 
more easily pumped for geo-sequestration or for use in enhanced oil recovery operations, while yielding a high 
quality methane product at pressure for sale or further processing as required. 
3. Controlled Freeze Zone™ history and plans
More than two decades ago, ExxonMobil received its first patent for a technology that simplifies and lowers the cost 
of separating carbon dioxide (CO2) and other impurities from natural gas.  CFZ
TM technology will enable the 
expansion of the pool of relatively clean burning natural gas resources for development and delivery to the world’s 
natural gas consumers.  This innovative, single-step separation process was proven at a pilot plant in Texas.  Today, 
a commercial demonstration project, shown in Figure 4, costing more than $100 million is being commissioned near 
LaBarge, Wyoming in the USA and is scheduled to start operations in the fourth quarter of 2010. 
Figure 4.  CFZTM Commercial Demonstration Plant 
The plant will process feed streams with a range of compositions representative of world-wide resources and will 
support the rigorous qualification process to ready the technology for commercial scale applications to separate and 
manage CO2 and other acid gas compounds like H2S.   
4. Key benefits of CFZ™ 
Economic.  The Controlled Freeze ZoneTM technology offers major benefits in reduced capital costs and operating 
expenses and greater process efficiencies when compared in a consistent framework with other gas treating 
processes.  Capital cost savings are a result of the CFZTM concept being a simpler process with fewer processing 
steps and thereby less equipment.  In addition to these capital cost advantages, the CFZTM  technology also has 
overall greater process efficiency in the fully integrated configuration, leading to lower gas consumption in the 
process and to more of the resource being recovered as product.  Furthermore, the Controlled Freeze ZoneTM process 
does not utilize solvents or additives, simplifying the utilities required to support the process.  As a result, the 
configuration based on the CFZTM technology offers greater revenue and greater profitability.  In addition, most 
solvent based processes generate a wet acid gas stream which has the potential for downstream corrosion.  The 
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Controlled Freeze ZoneTM technology, because of its low operating temperatures, provides a dry acid gas stream, 
mitigating the possibility of corrosion and thereby the need for expensive metallurgy.  Figure 5 illustrates the 
economic advantages of the CFZTM technology over other competing technologies for processing lean sour gas 
streams. 
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Figure 5.  Economic Advantage of the CFZTM Technology vs Competing Gas Treating Technologies 
Environmental.  The management of sour natural gas resources requires the proper management of the removed 
contaminants through environmentally sound options.  The benefits of the gas treating alternatives are greatly 
enhanced when integrated with reservoir injection of CO2, and other acidic components, if present in the feed.  Acid 
gas injection is an increasingly important, and may often be the only economic or environmentally viable option for 
developing highly sour gas resources.  In CFZTM technology, the acid gas by-product stream is a high pressure liquid 
that requires less power and equipment (translated into lower cost) for subsequent reinjection and provides an 
alternative to sulfur production (no sulfur produced).  The CFZTM process improves the economics for 
geosequestration of acid gas, since the cost of boosting the pressure of a high pressure liquid is significantly less 
than in other processes to meet the pressure requirements for underground reinjection.   
Offshore/Remote Locations.  When comparing the utilization of gas treating technologies in offshore or remote 
locations, additional factors need to be considered in the technology decisions.  For instance, the elimination of the 
process solvent recovery step by using the Controlled Freeze ZoneTM technology not only saves in operating 
expenses, but also reduces the overall hydrocarbon inventory on the floating vessel.  Thus, process safety is greatly 
enhanced.  Furthermore, the overall height of towers in order to achieve the desired separations will need to be 
reduced with the CFZTM technology offering the advantage of being easily separated into multiple towers, if 
necessary, to lower the tower height to reduce the susceptibility to wave motion.  Therefore, the efficiencies and the 
overall “compactness” of the CFZTM technology relative other processes translates into less topsides footprint. 
5. Summary of CFZ
TM
 technology advantages and benefits 
 Ability to more economically process lean natural gases contaminated with significant volumes of CO2 and/or 
H2S, and provide product flexibility, with the ability to provide methane gas suitable for pipeline sales or 
production of liquefied natural gas (LNG) 
 Can be used in conjunction with AGI to store CO2 and H2S removed in the process with greater efficiency 
than is possible with other process options.  
 Significant reduction or even complete elimination of solvents or additives that are used in other low 
temperature gas processing technologies.  
 Capital and operating cost savings from a simpler, smaller plant involving less separation equipment, with 
additional savings for offshore applications from less weight and reduced footprint.  
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 Lower acid gas reinjection costs because acid gas is discharged as a high pressure liquid stream. Typical 
conventional technologies reject CO2 and acid gas components as a low pressure gas stream that must 
undergo costly recompression for underground injection.  
 Allows the more economic geo-sequestration of CO2 rather than venting of CO2 in the processing of natural 
gas.  When combined with AGI, it also provides an alternative to sulfur production plants when H2S is present 
and marketing of sulfur is not profitable.    
 Finally, the CFZTM technology provides the opportunity for additional oil production, if the CO2 by-product is 
used for enhanced oil recovery. 
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